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(57) Abstract: This invention related to an apparatus and method for generating a linear block code by using an orthogonal code 
set. A transmitter transmits a codeword instead of information bits representing an information. The codeword length is longer than 
the information bits length. The length of codeword L can be predetermined based on permitted error rate and transmission space 
of the codeword in a communication frame. That means a coding rate is predetermined in a communication system. An orthogonal 
code set, the orthogonal code length is 2 a , can be defined. The orthogonal code length 2 a is a least value larger than the codeword 
length L. A codeword having length L is generated by deleting V predetermined symbols of the orthogonal code. The transmitter 
transmits one codeword related to the information bits. A receiver receives the codeword transmitted by the transmitter and decodes 
the received codeword. 
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BACKGROUND OF TH E INVENTION 

1 . Field of the invention 

10 The present invention relates generally to a apparatus and method for 

generating a optimum codeword. The codeword is transmitted by a transmitter and 
received by a receiver decoding the codeword. 

2. Description of the Related Art 

15 As the receiver is known the transmission method and encoding method of the 

transmitter, the receiver can receives the codeword and decodes the codeword as 
original information bits transmitted by the transmitter. If a communication channel 
has very low error probability condition, the information bits can be transmitted by 
itself But if the communication channel has high error probability condition or the 

20 information bits are very important bits, the information bits are transmitted after 
encoding. There are several codes as linear code and non-linear code. The linear code 
can be generated from combination of basis codes. 

The purpose of transmitting codeword generated by encoding the information 
25 bits is recovering the information bits from errors can be occurred during the 
transmission by way of decoding in the receiver. There are several method of coding 
/decoding as block code, convolution code and Turbo code. Generally if they use same 
coding/decoding method, the error correction probability is high when a coding rate is 
low. That mean if information bits are short, the error correction probability is high. If 
30 the coding rate is low, complexity of encoder and decoder is increased and 

l 



□Mcnnrm. -wo 



WO 02/19534 



PCT/KR01/01399 



transmission throughput is decreased. 

Generally transmission time interval of a frame is predefined in a 
communication standard text. A transmission data rate is determined by the number of 
5 data to be transmitted in the transmission time interval of the frame. Therefore in real 
communication system, the coding rate of certain information bits is determined 
according to the transmission time interval, data rate* modulation method* delay time* 
complexity and appropriate error rate. 

10 It can be called (2 a , a) linear block code then the number (length) of binary 

information bits is "a" and the number (length) of generated codeword is 2 a . The 
performance of the linear block code is defined by a minimum distance (d^ of the 
codewords generated by the linear block code. Minimum distance is a minimum value 
achieved by counting "1" in each codeword which can be generated by the linear bock 

15 code. As minimum distance is large* the probability of error correction is high. But the 
minimum distance is limited. A block code have most large minimum distance than 
other block code's is called optimum code at certain length. In real communication 
system, it is recommended to use optimum code and low complexity of encoder and 
decoder. If coding rate is determined in a communication system, it is needed to 

20 research to find a code have most large minimum distance out of all codes at the given 
coding rate. The method to find optimum code out of all code is call full search 
method. But using full search method, it substantially can't find optimum code for its 
length is long. As a code length is long* the kinds of code are increased by 
exponentially. A Walsh code, a kind of orthogonal code having a characteristics of 

25 orthogonality with each codeword was known. The length (column) of the Walsh code 
has multiples of two (2 3 ) and the sort of its codeword has multiples of two (2 a ) also, 
("a" is a positive integer) Walsh code is known as (2 a , a) linear block code. The Walsh 
code, a codeword, can be decoded by inverse fast Hardarmard transform QFHT) as a 
kind of decoding method. The complexity of the DFHT decoder is very low than other 

30 decoding method. 
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S UMMARY OF Tim ME N TIO N 

This invention describes a method to find optimum code in a linear binary code 
(2 a - 2\ a) when the length of information is "a" and the length of codeword(coded 
5 bits) is 2 a - 2 b (the "b" is smaller than the "a"). 

This invention provides apparatus and method for generating and/or decoding 
the proposed optimal code. 

10 It is, therefore, an object of this invention to provide an apparatus and method 

of encoding (2 a - 2\ a) linear block code. 

It is further another object of present invention to provide an apparatus and 
method of generating (2 a - 2 b , a) linear block code. 

±15 

It is still another object of present invention to provide an apparatus and 
method of decoding (2 a - 2 b 5 a) linear block code. 

According to one aspect of present invention, there is provided a method 
20 comprising the step of; generating Walsh code related to an information bits which 
have length "a"; determining deleting bit positions in the Walsh code for deleting 2 b 
bits; and deleting 2 b bits located at the deleting bit positions; wherein the deleting bit 
positions are defined by combination of "b" number of linear independent basis and 
the first bit of the Walsh code. 

25 

According to another aspect of present invention, there is provided an 
apparatus encoding an infonnation bits, comprising; an Walsh code generator for 
generating a Walsh code which length is determined by length of the information bits; 
and a deleter for deleting predetermined 2 b bits including first bit out of the Walsh code. 
30 According to still another aspect of present invention, there is provided an 
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apparatus for decoding comprising; a receiver for receiving a coded bits generated by 
deleting 2 b bits located at deleting bit positions in a Walsh code from a transmitter; an 
inserter for inserting 2 b bits at the deleting bit positions; and an inverse fast 
Hardarmard transformer for decoding the output of the inserter. 

BR IEF DESCRIPT I ON OF TH E DR AW I NGS 



Figure 1 is a diagram representing a Walsh code structure which have row and 
column. The index, number of raw, is information bits. 
10 Figure 2 is a diagram representing an encoder of present invention. 

Figure 3 is a diagram representing an decoder of present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMB ODYMENT 

15 Throughout this invention, when it is needed to transfer information from a 

transmitter to a receiver, assumes transmitter and receiver are engaged to represent the 
information with correspond information bits. Generally, the transmitter transmit a 
coded bits (codeword) generated by encoding the information bits. The transmitter 
includes an encoder which have Walsh code generator for inputting the information 

20 bits and generating Walsh code, and a deletor for deleting predetermined bits located at 
the deleting bit positions in the Walsh code. The remained bits after the deletion are 
coded bits (codeword) which will be transmitted on wired line or radio channel. 
Encoder and decoder of present invention can be used, but not limited* in the wired 
communication, satellite communication, GSM (Global System for Mobile), DCS 

25 (Digital Cellular System), PCS (Personal Cellular System), IMT-2000 system, cdma- 
2000 system WCDMA (Wideband Code Division Multiple Access), UMTS (Universal 
Mobile Terrestrial System) or other mobile systems. When the length of information 
bits determined, a method for searching optimum code will be described. If all kinds of 
information to be transferred are equal to or less than 2 a ? the length (number) of binary 

30 information bits are "a". This invention describes a method for search optimum linear 
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block code (2 a - 2\ a) when the length of coded bits (codeword) are 2 a - 2 b and the 
information bits are "a" ("a" greater than "b"). 

Orthogonal code is the optimum code of which length (column) is 2 a and 
5 number of codeword (row) is 2 a . The orthogonal code, Walsh code, is represented as a 
matrix having 2* column and 2 a row. This invention consider that deleting 2 b bits out of 
the 2 a bits, orthogonal code, to generate optimum code of 2 a - 2 b length. It can't 
generate optimum code by carelessly deleting 2 b column of the Walsh code. For 
generate optimum code, selecting "b" binary linear independent basis of which length 
10 is * c b", determining deleting bit positions by obtaining decimal numbers corresponding 
to binary numbers acquired from all sort of combination of the basis code having 
length b. The basis are binary added at the combination. 

An example of this invention, assume "a" is 5 and "b" is 3 ofr describe a 
15 method of searching (24, 5) block code. Figure 1 is the Walsh code having 32 column 
and row. As :b: is 3, select three binary linear independent basis (001, 010,100) which 
length is "3". All combination of the binary linear independent basis is (001, 010, 011, 
100, 101, 110, 111) deleting bit positions are all combination of the binary linear 
independent basis and (000). Decimal number of the deleting bit position are 0, 1, 2, 
20 ... 7. Therefore, deleting 0 to 7 column of the Walsh code. Underlined bits of Walsh 
code in Figure 1 represent deleting bits. Minimum distance of the (24, 5) block code 
generated by above method is 12. It is a optimum code of length 24 code. 

Figure 2 represent an encoder (20) of (2 a - 2 b , a) linear block code 
25 obtained by above method. An information bits "a" (the length of "a" is 5) are inputted 
in the Walsh code generator (22). The Walsh code generator (22) can generates 2 a 
(=32) numbers (row) of Walsh codes correspond to an information bits. The Walsh 
code generator (22) outputs one Walsh code (the length of Walsh code is 32) to a 
deleter (24) in response to the input information bits. The deleter (24) controlled by a 
30 controller (not depicted) deletes 2 b (=8) bits positioned at the deleting bit positions (0, 
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U 2, ...7). The encoder (20) generated 2 a - 2 b (=24) length of coded bits (codeword) 
upon respond to inputting the information bits length cc a" (=5). The coded bit 0 (1) is 
converted as +1 (-1) for radio transmission. A digital signal processor (DSP) 
software also ca be used to implement the same function as the encoder (20). If a 
microprocessor have a memory storing the coded bits (codeword) generated as above 
description, can output correspond coded bits upon respond to the information bits. 
The Walsh code of figure 1 can be obtained from Walsh code basis, (for example, 
01010101010101010101010101010101, 
001 1001 1001 1001 1001 1001 1001 1001 1, 
00001111000011110000111100001111, 
00000000111111110000000011111111, 
0000000000000000 1111111111111111). 

Therefore, upon respond to the information bits which can be represented by a 
combination of a basis code (00001, 00010, 00100, 01000, 10000), the DSP or 
microprocessor storing the Walsh code basis in its memory can generates correspond 
Walsh code by bit by bit adding the Walsh code basis correspond to the basis code. 
The DSP or microprocessor outputs encoded bits (codeword) except the bits located at 
the deleting bit positions. 

20 Figure 3 represents a decoder (30) decodes a received signal (codeword) from 

the encoder (20). 2 a - 2 b (=24) number of received bits are inputted in a inserter (32). 
The inserter (32) inserting 2 b (=8) number of zero bits ("0") in the deleting bit 
positions (in front of the received signal). The signal including 2 b number of "0" in the 
received signal is inputted in a inverse fast Hardarmard transformer IFHT (34). The 

25 IFHT (34) outputs 2 a (=32) number of correlation values by performing inverse 
Hardarmard transform. The correlation values ^re inputted in a comparator (36). The 
comparator (36) compares the correlation values each other and determines an index 
corresponded to the largest correlation value. The index correspond to the largest 
correlation value is a decoded information bits. 

30 The decoder of figure 3 can be implemented by. a software algorithm. The 
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actual values of this invention are only for example. Anyone who has his technical 
field is the same as this invention can change the values as his needs. When the value 
"a" greater than ' V, the concept of this invention can be used at other modifications of 
this invention. And if select other linear independent basis codes for determining the 
5 deleting bit positions, the deleting bit positions of the encoder will be different from 
the example of above description. Hence the inserting bit positions also different. 

Assume that the transmitter uses (24, 5) block code and transmits "01000" 
(=16) as information bits, the Walsh code generator (22) generates corresponding 

10 Walsh code, indexnumber 16, (0 0000000111111110000000011111 
111) which length is 32. The deleter (24) deletes front part 8 bits out of the Walsh 
code, then outputs 24 bits codeword (coded bits; 111111110000000011111111). The 
transmitter converts 0 bit to +1 (1 bit to —1) of the codeword and modulates the 
converted signal by using BPSK, QPSK, 8PSK or QAM for transmitting to air. The 

15 receiver receives the 24 signals. The inserter (32) inserting 8 bits in front of the 24 
signals and outputs 32 signals including the 8 inserted bits and the 24 received signals. 
The IFHT (34) performs inverse Hardarmard transform using the output of the inserter 
and outputs 32 correlation values. The comparator (36) compares the 32 correlation 
values and outputs the largest correlation value out of the 32 correlation values. The 

20 receiver (30) determines an index (01000) as decoded bits correspond to the largest 
correlation value. 

As above description, this invention provides a method for search optimum 
code of (2 a - 2 h , a) block code and simple encoder and decoder for real communication 
25 system. This invention can be directly applied at an encoder/decoder of a transmission 
format combination indicator in the narrow band time division duplex system using 
8PSK modulation. 

30 
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C LAIM S 

1 . An encoder for receiving input information bits which length is "a" and 
outputting 2 a - 2 b (a>b) number of coded bits, comprising; 
5 a Walsh code generator for generating 2 a length of Walsh code in response to 

"a" information bits; and 

a deletor for deleting 2 b number of bits located in the front part of the Walsh 

cod. 

10 2. The encoder of claim 1 wherein said Walsh code generator storing the Walsh 

code in a memory. 

3. The encoder of claim 1 wherein said Walsh code generator having Walsh 
code basis and generating codeword by combining the Walsh code basis corresponded 

15 to the information bits. 

4. An encoder for encoding input information bits which length is "a" and 
outputting 2 a - 2 b (a>b) number of coded bits, comprising; 

a Walsh code generator for, upon response to the information bits, generating a 
20 Walsh code which length is 2 a by using a Walsh code basis; and 

a deleter for deleting 2 b bits positioned at each decimal numbers obtained from 
binary numbers acquired from all sorts of combinations of a basis codes having length 
"b" 

25 5. An decoder for decoding 2 a - 2 b received signal which is encoded by an 

encoder encoding "a" length of information bits and outputting the 2 a - 2 b (a>b) length 
of coded bits, comprising; 

an inserter for inserting 2 b number of "0" bits in front of the received signal 
then outputting 2 a signal; and 
30 an inverse fast Hardarmard transformer for performing inverse Hardarmard 
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transform to the output signal of the inserter and outputting 2 a number of correlation 
values; and 

a comparator for comparing the correlation values and determining greatest 
correlation value out of the 2 a number of correlation values; 
5 wherein the decoder determines an index corresponded to the greatest 

correlation value as the information bits. 

6. A method for encoding input information bits having length "a" and 
outputting 2 a - 2 b coded bits, comprising the steps of; 

10 generating Walsh code corresponding to the information bits; and 

deleting 2 b number of bits located at the front part of the Walsh code. 

7. The method of claim 6 wherein the Walsh code is generated by bit by bit 
adding of Walsh code basis stored in a memory. 

15 

8. A method for encoding input information bits which length is "a" 
and outputting 2 a - 2 b (a>b) number of coded bits* comprising the steps of; 

generating, upon response to the information bits, a Walsh code which length is 
2 a by using a Walsh code basis; and 
20 deleting 2 b bits positioned at each decimal numbers obtained from binary 

numbers acquired from all sorts of combinations of a basis codes having length *V\ 

9. A method for decoding 2 a - 2 b received signal which is encoded by encoding 
"a" length of information bits and outputting the 2 a - 2 b (a>b) length of coded bits, 
25 comprising the steps of; 

inserting 2 b number of "0" bits in front of the received signal then outputting 2 a 
signal; and 

performing inverse Hardarmard transform to the output signal of the inserter 
and outputting 2 a number of correlation values; 
30 comparing the correlation values for searching the greatest correlation value 

9 
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determining an index corresponded to the greatest correlation value as the 
information bits. 
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